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Michael Young was born in Miami, 
Florida. As an undergraduate at 
The University of Texas at Austin, 
he joined Burke Judd’s group for 
a summer of research. This was 
his introduction to Drosophila and 
genetics, and it stretched into a 
doctorate. His postdoctoral work was 
in the Department of Biochemistry 
at the Stanford School of Medicine 
where he began to study transposable 
elements. He was appointed Assistant 
Professor and University Fellow at The 
Rockefeller University in 1978, and is 
currently Richard and Jeanne Fisher 
Professor and Head of the Laboratory 
of Genetics. He is also Rockefeller’s 
Vice President for Academic Affairs. 
His research at Rockefeller has 
focused on the molecular biology and 
genetics of circadian rhythms for the 
past 25 years. He has also studied the 
neurogenic genes of Drosophila.
How did you become interested in 
circadian clocks? I grew up in Florida 
and a neighbor had a strange plant 
with flowers that closed during the 
day and opened at night. When I was 
12 or 13, my parents got me a book 
on Darwin, evolution, and a range of 
unexplained biological phenomena. 
There was a section on circadian 
rhythms that included something 
like I had seen next door, but also a 
description of biological clocks that are 
used by birds and insects to navigate.
When did you start to work 
on the problem? When I was a 
graduate student in the early 1970s 
at the University of Texas, I was using 
classical genetics to identify and 
count genes in a short region of the 
Drosophila X chromosome. We had 
~150 mutants, mostly lethals, which 
sorted into about 15 complementation 
groups. By chromosome banding 
patterns the region made up ~0.3% of 
the genome. That works out to ~5000 
genes for all four chromosomes. The 
Drosophila genome has enough DNA 
to encode 50–100,000 proteins, so 
the question was — does the fly really 
need just a few thousand genes, not 
many more than a bacterium? To get 
at that, I was looking for mutations 
that affected genes that were not vital. 
Q & A The problem was finding and counting those when you don’t know what 
the range of non-lethal phenotypes 
might be. I developed a method 
using chromosome rearrangements 
that helped get me around this — I 
collected randomly induced breaks 
and then asked whether each break 
was lethal or viable. What was the 
proportion? I thought I could look for 
phenotypes in the non-lethal breaks 
after I had them in hand.
When I was well into this, Ron 
Konopka and Seymour Benzer 
reported their discovery of Drosophila 
circadian rhythm mutants at the period 
(per) locus. The gene seemed to map 
close to the X chromosomal region 
where I was working. It turned out 
that one of my rearrangements broke 
the gene. That gave me its cytological 
position and genetic location relative 
to the many complementation groups 
that had already been mapped in the 
region. 
I went to Dave Hogness’ lab at 
Stanford in 1975 to learn how to do 
molecular biology. Methods for cloning 
eukaryotic DNA in bacteria were 
introduced when I had about a year 
to go on my doctoral work, and I got 
to Stanford shortly after the first fly 
DNA libraries were made. There was 
still a lot to develop before it would be 
feasible to go after a specific gene, 
and it wasn’t until I started my lab at 
Rockefeller that I began to think about 
per again. With a postdoc in the lab, 
Ted Bargiello, now at Einstein, we used 
my old chromosome rearrangements 
from Texas to locate and map the 
gene in a prolonged chromosome 
walk. Ted made the P-elements, I 
injected the embryos, and we both 
stayed up several nights running to 
watch the locomotor assays that told 
us we’d found the gene. In those days 
locomotor data were collected on chart 
paper, when a fly began to walk a pen 
would start to leave jagged lines of red 
ink. It took about 20 feet of chart paper 
and three or four days and nights to 
convince us we had the right gene.
Did anyone affect your interest 
in this problem? Seymour Benzer 
gave a University-wide seminar at 
Stanford while I was there. This was 
the first time I’d heard him talk — and 
he was very animated and persuasive. 
This may be when he first started 
comparing his genetic dissections of 
behavior to surgical localizations that 
had earlier given insights into localized brain functions. I was convinced that 
at least a part of what I should be 
thinking about was along these same 
lines and that the fly would surely be 
a good model, but then I had a strong 
prejudice that behaviors like circadian 
rhythms would be hard-wired and 
therefore from a genetic program that 
was just a bit more challenging to 
tease apart than some other areas of 
biology. 
Did taking up molecular studies 
of circadian rhythms turn out to 
be more challenging than you 
expected? In some ways yes. The 
early work was not very revealing: it 
took a lot of effort to get a gene and a 
sequence, but that did not point to a 
specific mode of action. We learned 
that subtle mutations affecting the 
structure of the PER protein produced 
changes in the period of the clock. 
Although this was intriguing, it was 
not immediately helpful — there was 
no framework to hang these findings 
on. Early attempts to do some 
biochemistry kept leading to dead 
ends.
All this changed when Jeff Hall and 
Michael Rosbash and their colleagues 
Kathy Siwicki and Paul Hardin found 
evidence for cycling PER proteins 
and RNAs, and when Amita Sehgal, 
Jeff Price and Leslie Vosshall in my 
lab identified the timeless gene, 
which encodes a partner for PER. For 
our part the question was — what 
causes the molecular oscillations? 
Then we saw that TIM affects the 
stability and subcellular location of 
PER protein. The cycles could be 
explained by this partnership; PER 
and TIM could regulate their own 
expression, but only after spending 
some time together. We could see 
delays built into a feedback system 
that would promote oscillations. More 
genetic screens produced a long list 
of genes that continued to fit into a 
fundamental model, so at some point 
along the way a basic mechanism 
fell out and began to explain many of 
the general features of these clocks. 
For example, the fly’s entrainment to 
day/night cycles, a complete mystery, 
was now understood and seemed 
pretty simple — you lost TIM when the 
system is exposed to daylight, so a 
part of the process can be temporarily 
stopped or prematurely started when 
you shift the photo-cycle. So there 
were unexpected challenges along the 
way, but in the end we got answers 
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rapid activation of the Mauthner cell 
following VIIIth nerve stimulation. 
Which neurons do Mauthner 
cells activate? A cascade of 
events inevitably follows Mauthner 
cell activation (Figure 1). Firstly, 
the action potential propagates at 
high velocity along the axon in the 
contralateral spinal cord. Secondly, 
the opposing Mauthner cell is 
inhibited by both a conventional 
chemical inhibitory post-synaptic 
potential (IPSP) and a rare form of 
electrical inhibition, thereby ensuring 
the two never fire together. In the 
spinal cord, the Mauthner cell makes 
a multitude of synaptic connections, 
particularly with the large primary 
motorneurons innervating the 
contralateral trunk and tail muscles. 
The high conduction velocity of 
the Mauthner cell ensures these 
motorneurons discharge almost 
synchronously along the length of the 
body. In a 10 centimetre goldfish, a 
Mauthner cell axon conducting at 100 
metres per second would take only 
1 millisecond to propagate through 
the entire spinal cord. The resulting 
contraction bends the body into 
a characteristic C-shape with the 
head pointing away from stimulus 
(Figure 1, inset). Mauthner cells also 
excite spinal commissural inhibitory 
interneurons, ensuring the ipsilateral 
muscles cannot contract. Finally, 
Mauthner cells couple to excitatory 
premotor interneurons involved in 
generating swimming. This serial 
and parallel activation of escape and 
non-escape circuitry coordinates an 
appropriate temporal sequencing of 
escape.
What role do Mauthner cells play 
in behaviour? Mauthner cells can 
be viewed as ‘command’ neurons for 
escape, but what evidence supports 
this view? If the strict criteria of 
sufficiency and necessity are applied, 
it could be argued they are not true 
command neurons because C-starts 
occur even when the Mauthner cell 
is ablated and artificial activation of 
a Mauthner cell can fail to produce 
normal escape. However, in vivo 
imaging and ablation studies in 
zebrafish larvae have shown that the 
Mauthner cell is indeed activated 
during startle escape behaviour. 
When the Mauthner cell is ablated, 
C-starts can still be evoked because 
other reticulospinal cells are 
Mauthner cells
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What are Mauthner cells and why 
are they interesting? Tapping an 
aquarium tank and watching the 
fish dart away re-enacts, perhaps 
unwittingly, a simple neuroethological 
experiment. This startle response 
rapidly causes the fish’s body to 
adopt a characteristic C-shape 
(Figure 1, inset), enabling it to orient 
away from danger before swimming 
off at high speed. At the centre of the 
neural pathway underlying the C- start 
response are two reticulospinal 
neurons, called Mauthner cells, 
located in the hindbrain near the 
entry of cranial nerve VIII, just 
beneath the fourth ventricle. They 
are identified by their relatively huge 
somata, crescent shaped dendrites 
and large diameter, myelinated axons 
that cross over and project caudally 
down the contralateral spinal cord 
(Figure 1). Their large size and 
accessibility render them a valuable 
model in which to study basic 
mechanisms in cellular neurobiology 
and the neuronal basis of behaviour. 
Indeed Mauthner cell research has 
greatly enhanced understanding 
of numerous general principles 
in neuroscience, such as the 
command neuron concept, electrical 
transmission, quantal transmitter 
release and synaptic plasticity. 
Few neurons have an entire book 
dedicated to them!
How are Mauthner cells activated? 
The main sensory inputs that 
trigger firing of Mauthner cells are 
from ipsilateral auditory hair cells 
(Figure 1), but other afferents of the 
vestibular and lateral line system also 
make direct, normally sub- threshold 
excitatory connections. The auditory 
synapses are specialized points 
of contact called club endings 
located on the lateral dendrite 
of the Mauthner cell, where both 
chemical and electrical transmission 
takes place. The presence of gap 
junctions provides a fast electrical 
component to the postsynaptic 
response with a minuscule delay of 
about 0.1 milliseconds, ensuring the 
Quick guidethat were more satisfying than we had originally hoped for.
What has changed most in the field 
since you began to work in it? Well, 
there was no molecular biology going 
on when we showed up in the early 
1980s. It was a time when people 
were just starting to isolate genes 
in just a few model organisms, and 
our target in Drosophila happened 
to control this behavior. The first 
meeting I attended in this field was a 
Gordon Conference on Chronobiology. 
For the molecular talks you had 
me, Jeff Hall and Michael Rosbash 
just giving a first peak at per. There 
were developing genetic studies 
in Neurospora that very quickly 
blossomed in the next few years, 
but had not gone molecular yet. 
Fascinating transplantation studies 
were giving anatomical localizations 
for neural pacemakers. There were 
also intriguing electrophysiological 
studies and some suggestive 
biochemical experiments looking at 
time-of-day specific inhibitors of RNA 
and protein synthesis that affected 
circadian rhythmicity. Those were 
being used to argue that unknown 
proteins controlling the clock were 
present at only some times of day, 
which of course turned out to be true 
and an important prediction. 
It seems everyone who was 
interested in biological clocks then has 
now become very good at genetics 
and molecular biology. The range 
of systems currently understood in 
depth is remarkable. There has been 
a profound level of tool development 
and analysis that can now focus on 
everything from monitoring multiple 
gene rhythms in live cells in culture to 
studies of complex rhythms in clusters 
of neurons in behaving mice. We’ve 
become one of the big beneficiaries 
of all of this activity: our work is still 
centered on Drosophila, but there are 
also new projects that we would not 
have approached a few years ago. 
For instance, we’re using primary skin 
cultures to look directly at human 
circadian biology. It’s an unusual 
community that has remained very 
open and collaborative. We get an 
encouraging push from time to time to 
take on new ventures.
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